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Abstract

AIM: To characterize the efficacy of rifaximin in the
management of hepatic encephalopathy (HE) as sev-
eral randomized controlled studies have shown con-
tradictory results on its effectiveness in comparison to
other oral agents.

METHODS: We performed a systematic review and
random effects meta-analysis of all eligible trials identi-
fied through electronic and manual searches. Twelve
randomized controlled trials met the inclusion criteria
with a total of 565 patients.

RESULTS: The clinical effectiveness of rifaximin was
equivalent to disaccharides or other oral antibiotics
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[odds ratio (OR) 0.96; 95% CI: 0.94-4.08] but with
a better safety profile (OR 0.27; 95% CI: 0.12-0.59).
At the completion of treatment protocols, patients re-
ceiving rifaximin showed lower serum ammonia levels
[weighted mean difference (WMD) = -10.65; 95%
CI: -23.4-2.1; P = 0.10], better mental status (WMD
-0.24; 95% CI: -0.57-0.08; P = 0.15) and less
asterixis (WMD -0.1; 95% CI -0.26-0.07; P = 0.25)
without reaching statistical significance. On the other
hand, other psychometric outcomes such as electroen-
cephalographic response and grades of portosystemic
encephalopathy were superior in patients treated with
rifaximin in comparison to the control group (WMD =
0.21, 95% CI: -0.33-0.09, £ = 0.0004; and WMD =
-2.33, 95% CI: -2.68-1.98, £ = 0.00001, respectively).
Subgroup and sensitivity analysis did not show any sig-
nificant difference in the above findings.

CONCLUSION: Rifaximin appears to be at least as ef-
fective as other conventional oral agents for the treat-
ment of HE with a better safety profile.

© 2012 Baishideng. All rights reserved.
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INTRODUCTION

Hepatic encephalopathy (HE) is a reversible neuropsychi-
atric and functional syndrome occurring in 50%-70% of
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patients with advanced liver disease!”. The pathophysiol-
ogy of HE is complex and it manifests with progressive
deterioration of the superior neurological functions. HE
occurs in the presence of insufficient hepatic clearance
of toxins absorbed from the intestine resulting in neuro-
chemical abnormalities across the blood brain barrier™.
The clinical manifestations of HE range from altered
mental status to deep coma'. Elevated serum ammonia
level is the best described cause of HE and is detected
in 60%-80% of affected patients™”. Current treatment
strategies” are aimed at reducing the serum level of am-
monia. This is done by introducing agents that reduce or
inhibit production of intestinal ammonia or minimize its
absorption from the gastrointestinal tract as well as cor-
recting precipitating factors such as gastrointestinal hem-
orrhage, electrolyte imbalances and constipationm.

For both acute and chronic HE, the mainstay treat-
ment has been the use of non-absorbable disaccharides"
since they decrease the absorption of ammonia through
cathartic effects and by altering the colonic pHm. Several
oral antibiotics such as neomycin, paromomycin, met-
ronidazole, vancomycin and rifaximin have shown some
degree of effectiveness in lowering serum ammonia
concentration by reducing the intestinal flora respon-
sible for its production, With the exception of rifaxi-
min, all the other antibiotics have been associated with
some side effects such as ototoxicity and nephrotoxicity
(neomycin)™'” and neurotoxicity (metronidazole)""?,
Vancomycin may be a safer option, however, its use
has been associated with the development of bacterial
resistance!”. On the other hand, rifaximin is a poorly-
absorbed broad spectrum antibiotic with very few sys-
temic side effects and at low risk of inducing bacterial
I8 These properties make rifaximin an ideal
antibiotic for the treatment of patients with HE as sev-
eral studies have shown a significant decrease in plasma
11 with minimal impact on the normal
gastrointestinal flora'"”,

Several small randomized controlled trials (RCT)
comparing rifaximin with oral disaccharides or with oth-

resistance

ammonia levels

er antibiotics have found that rifaximin is effective and
safe. Nevertheless, these trials were insufficiently pow-
ered. A meta-analysis of randomized controlled trials
comparing disaccharides »s antibiotics for the treatment
of HE has shown superior outcomes with the use of
antibiotic therapy“gj. Sub-group analysis of five studies
comparing rifaximin to disaccharides favored the use of
rifaximin (P = 0.04)"”. On the other hand, a more recent
and larger meta-analysis including seven studies compat-
ing rifaximin with non-absorbable disaccharides showed
no significant difference between the two interventions,
although rifaximin had fewer side effects™. In light of
these limitations, we conducted a systematic review of
the literature to identify, appraise and collectively analyze
all RCTs comparing rifaximin with conventional oral
therapies for the treatment of patients with HE.
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MATERIALS AND METHODS

Data sources and study selection

Randomized controlled trials comparing oral rifaximin
to non-absorbable disaccharides and other antibiotics
used for the treatment of HE were searched in PubMed,
Excerpta Medica Database, Scopus, Web of Science, Co-
chrane central register of controlled trials, and hepatobi-
liary group in the Cochrane library, EMBASE, CINAHL
through December 4th 2010 without restriction on the
publication status or language. Database specific search
terms for rifaximin (rifaximin, rifamycins), disaccharides
(disaccharides, lactulose, lactitol, sugar alcohols) and
antibiotics (anti-bacterial-agents, antibiotics) were com-
bined and all reference sections of eligible studies and
review articles on the topic were hand-searched for addi-
tional potential studies. Two reviewers (Eltawil KM and
Molinari M) independently assessed the eligibility of all
potential abstracts and titles. When in disagreement or in
the presence of insufficient information, the full text of
the potential paper was reviewed for eligibility. Authors
of all potential trials were also contacted by electronic
mail for additional information if the published data
were insufficiently described.

Inclusion and exclusion criteria

We included all RCTs that reported the effect of rifaxi-
min »s non-adsorbable disaccharides or other antibiotics
on the grade of HE according to Conn’s modification of
Parsons Smith classification", irrespective of language
and publication status. Exclusion criteria were: studies
conducted on pediatric patients, studies that compared
the use of rifaximin »s placebo, non-controlled clinical
trials, studies that assessed the efficacy of rifaximin in
preventing HE, trials including patients with psychiatric
illness, with undercurrent infections, with hypersensitiv-
ity to rifaximin and other antibiotics and/or intolerance
to non-absotrbable disaccharides, trials that included indi-
viduals affected by gastrointestinal bleeding and studies
reporting results of the same population published more
than once.

Outcomes

The primary outcomes of this study were the effec-
tiveness and the safety of the use of rifaximin for the
treatment of patients with at least one episode of HE.
Secondary outcomes were reduction of serum ammonia
levels and changes in psychometric parameters [mental
status, asterixis, electroencephalographic characteristics
and portosystemic encephalopathy (PSE) sum] measured
at the end of the treatment.

Definitions

The study population was defined as patients older than
18 years of age with a diagnosis of reversible neuro-
logical decline secondary to end-stage liver disease. Ef-
fectiveness was calculated by the proportion of patients
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who had resolution or clinical improvement of HE during
the treatment. Partial neurological response was measured
by mental status scores according to Conn’s classifica-
tion”'
mality; 1, trivial lack of awareness, euphoria or anxiety,
shortened attention span, or impairment of ability to
add or subtract; 2, lethargy, disorientation with respect
to time, obvious personality change, or inappropriate
behavior; 3, somnolence or semi-stupor, responsiveness
to stimuli, confusion, gross disorientation, or bizarre be-

I'as follows: 0, no personality or behavioral abnor-

havior; and 4, coma.

Side effects of rifaximin and other oral therapies as-
sessed in this study were: severe diarrhea, episodes of
intense abdominal pain and at least one of the following
symptoms: nausea, anorexia and weight loss.

Serum ammonia levels were assessed at the end of
the treatment and expressed in mg/dL.

The severity of astetixis was graded according to estab-
lished criteria as follows: 0, no tremors; 1, few flapping mo-
tions; 2, occasional flapping motions; 3, frequent flapping
motions; and 4, almost continuous flapping motions™.

Electroencephalogram (EEG) abnormalities recorded
in patients with HE were scored according to criteria
previously published in the medical literature™: 0, well-
structured EEG with stable and symmetrical posterior
basic rhythm (8 Hz-13 Hz) dominant in the posterior
regions medium amplitude without slow activities or epi-
leptic pattern; 1, unstable or suppressed alpha rhythm fre-
quently replaced by high prevalence of diffuse beta thythm
(normal-limit EEG); 2, low frequency alpha rthythm (8
Hz) disturbed by random waves in the theta range over
both hemispheres (mild signs of encephalopathy); 3,
background activity in the theta range, diffused over both
hemispheres, random appearance of high waves in the
delta range (distinctive features of encephalopathy); and
4, severe disorganization of EEG activity without any
normal element (signs of severe encephalopathy).

Grades of PSE were calculated as the sum of the de-
gree of mental status abnormality scores, the severity of
asterixis, level of serum ammonia elevation and the degree
of EEG abnormality™,

Data extraction

Two independent reviewers extracted publication vati-
ables and clinical data for each study. The following vari-
ables were collected: the name of the primary author,
journal and year of publication, country where the study
was carried out, number of patients randomized in each
arm, daily dosage of oral therapy, duration of the treat-
ment, allocation sequence generation, allocation conceal-
ment, power calculation, study design, methods used to
deal with missing data, appropriate description of attri-
tion and drop-outs.

Clinical variables extracted were: the proportion of
patients that experienced improvement of their neuro-
logical function (effectiveness), common side effects,
serum ammonia level and psychometric parameters.
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Assessment of study quality

The quality of included studies was scored using the Co-
chrane Collaboration risk assessment tool™. The meth-
odological quality was essentially based on the attention
that each study design paid to control potential bias
based on the available description reported in the meth-
odology of each paper. When in doubt, authors were
contacted by digital letters. The randomization methods
were classified as the primary way to control bias and the
randomization process was evaluated by the allocation
sequence generation and allocation concealment. The
randomization methods were considered adequate if
based on a table of random numbers, computer-generat-
ed random numbers or based on similar techniques. Al-
location concealment was classified as adequate if based
on central randomization, if using identically appearing
coded drugs, if serially numbered opaque sealed enve-
lopes were employed or when other equivalent methods
were used. Blinding was extracted and appraised for
caregivers, patients and assessors. Studies were classi-
fied as single-blinded if the patients did not have any
opportunity to know the nature of their therapy and
double-blinded if the authors described in their methods
how they prevented patients and caregivers or asses-
sors knowing the nature of the treatments. In addition,
we appraised the risk of attrition bias by assessing the
number and reason for dropouts and withdrawals and
whether all patients were accounted for in the report
and analysis of the study. Quality of the included studies
also assessed the way the authors described sample size
calculation to power the trial and if the sample size was
achieved, whether there was a clear definition of pri-
mary outcomes and if they were reported and whether a
crossover design was used.

Statistical analysis

All statistical analyses were performed using RevMan
Version 5.0.5 software”” (Nordic Cochrane Centre, Co-
penhagen, Denmark). The meta-analysis was performed
using the random effects model of DetSirmonian and
Laird® due to expected clinical heterogeneity. The re-
sults are reported as pooled odds ratios (OR) for binary
and weighted mean differences (WMD) for continuous
outcomes, both with 95% CI. Pooled OR and WMD
were calculated using the general inverse variance (IV)
with random effect model. Measure of the degree of
inter-trial heterogeneity was explored with the I test™.
Heterogeneity was evaluated with a ;(Z—based Q statistic
of OR and defined at a P value less than 0.1 and poten-
tial reasons for heterogeneity were explored. Data on all
patients randomized were extracted to allow intention-
to-treat analysis. For patients with missing data, carry-
forward of the last observed response was used. Only
data from the first period of cross-over trials were
included. For the primary outcome measutre, we pet-
formed subgroup analyses of trials stratified by the treat-
ment regimen and methodological quality. The preferred
reporting items for systematic reviews and meta-analysis
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Table 1 Characteristics of included studies

Rifaximin dose

Duration of

Authors Country Rifaximin (#7) Control () (mg/d) Comparative agent fea—— Outcomes

Bucci et al™ Italy 30 28 1200 Lactulose 45 mL/d 15d Mental status, asterixis, cancellation
test, reitan test, EEG, serum ammonia,
degree and severity of HE

Di Piazza et al'™ Italy 8 6 1200 Neomycin 4500 mg/d 21d Bradylalia, flapping tremor,
performance, visual evoked potentials
and the trial making test

Fera et al™ Italy 20 20 1200 Lactulose 120 mL/d 90 d Mental status, asterixis, cancellation
test, reitan test, EEG, PSE severity

Festi et al'™ Italy 20 15 1200 Neomycin 3000 mg/d 21d Asterixis, EEG, blood ammonia

Festi et al™” Italy 9 12 1200 Lactulose 60 mL/d 21d Asterixis, EEG, blood ammonia

Loguercio et al® Italy 14 13 1200 Lactulose 90 mL/d 3mo Mental status, asterixis, NCT, blood
ammonia

Mas et al™ Spain 50 58 1200 Lactitol 60 g/d 5-10d  HE grade, mental status, asterixis,
NCT, EEG, PSE index, blood ammonia

Massa et al™® Italy 20 20 1200 Lactulose 90 mL/d 15d Mental status, asterixis, cancellation
test, EEG, trail making test, PSE index,
blood ammonia

Miglio et al® Ttaly 25 24 1200 Neomycin 3000 mg/d 6 mo HE grade, blood ammonia,
neuropsychiatric signs

Paik et al® South Korea 32 22 1200 Lactulose 90 mL/d 7d Mental status, flapping tremors, NCT,
blood ammonia, HE index

Parini et al™ Italy 15 15 1200 Paromomycin 1500 mg/d 10d Blood ammonia, state of conscious-
ness, behavior, intellectual functions,
neurologic symptoms

Pedretti ef al™ Ttaly 15 15 1200 Neomycin 3000 mg/d 21d  PSEindex, blood ammonia, EEG, NCT,
asterixis, trail making test, mental
status

Song et al™ South Korea 39 25 1200 Lactulose 90 mL/d 7d Blood ammonia, mental status,

flapping tremors, NCT, HE index

EEG: Electroencephalogram; HE: Hepatic encephalopathy; PSE: Portosystemic encephalopathy; NCT: Number connection test.

recommendations were used for study reporting™".

RESULTS

Ascertainment of the studies

After initial screening, a total of 220 potentially relevant
trials were identified through the electronic searches as
summarized in Figure 1. After subsequent evaluation for
eligibility, we retained 12 published RCTs that assessed
the effectiveness of rifaximin for the treatment of pa-
tients with HE. One study was available only in abstract
form"™. The remaining studies were excluded because
they were prospective cohort studies or randomized
controlled trials assessing the effectiveness of rifaximin
for the prevention rather than for the treatment of HE.

Study characteristics

Table 1 lists the characteristics of the included studies.
All trials were single-center studies except one which
was multicentric!'! with the total number of patients
per study ranging from 14 to 136 and with a minimum
therapeutic interval of 7 d to a maximum of 6 mo. The
majority of studies treated one arm of patients with ri-
faximin at a dose of 1200 mg/d divided in three doses,
although some used 1100 mg in two divided doses. The
comparison arm of patients received non-absorbable
oral disaccharides (lactulose or lactitol) at doses ranging
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220 potentially relevant references identified in the electronic
and hand searched libraries

106 studies were excluded after
reviewing the title as they did
not satisfy the inclusion criteria:
-review articles

-studies performed on animals
-expert opinion

-letter to the editor

99 studies were excluded after
reviewing the abstract as they
did not satisfy the inclusion cri-
teria:

-observational studies
-semi-randomized trials

for liver transplantation

3 studies were excluded as they assessed the use of
rifaximin to prevent hepatic encephalopathy after placement
of trans-jugular portosystemic shunts or in patients waiting

12 studies were included:

1 study compared rifaximin to a group of patients treated with
neomycin and to another group treated with disaccharides

7 studies compared rifaximin vs disaccharides

4 studies compared rifaximin vs antibiotics

Figure 1 Flowchart of the included studies.

770

from 45 to 120 ml./d for lactulose and 60 g/d for lacti-
tol or antibiotic therapy with neomycin or paromomycin.
One study”” was designed as a double cross study where
patients received rifaximin in addition to oral disaccha-
rides for one week and were switched to neomycin in
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Table 2 Risk of bias in the published controlled trials

Author Allocation system Allocation Blinding Handling of  Power calculation for number
described concealment Patient Personnel Assessor missing data of patients to be treated
Bucci et al™ Yes Yes Yes Yes NA Unclear No
Di Piazza et al™ No No Yes Yes NA Unclear No
Fera et al™” No Yes Yes No NA Unclear No
Festi et al™” No No No No NA Unclear No
Loguercio et al™” No No Yes No NA Unclear No
Mas et al®™ Yes Yes Yes Yes NA Unclear No
Massa et al™ No Yes Yes Yes NA Unclear No
Miglio et al® No Yes Yes Yes NA Unclear No
Paik et al™ Yes Yes Yes No NA Unclear No
Parini et al® Yes Yes Yes No No Unclear No
Pedretti et al™ Yes Yes Yes Yes NA Unclear No
Song et al™ NA NA NA NA NA NA NA

NA: Not available.

combination with oral disaccharides on the third week
of therapy. Festi e/ al"" carried on a randomized con-
trolled trial that included 4 arms of patients with HE: in
one group the effect of rifaximin was compared to non-
absorbable disaccharides and in the other group rifaxi-
min was compared to neomycin.

The majority of control patients who received neo-
mycin were treated with a total of 3000 mg/d divided in
three doses except for participants in Di Piazza’s study"”
who were treated with a total daily dose of 4500 mg di-
vided in three administrations. Paromomycin was used
in only one study” and administered at a total dose of
1500 mg/d divided in three doses of 500 mg each.

The majority of trials that used non-absorbable oral
disaccharides aimed at inducing several soft bowel move-
ments per day although none of the included studies
reported how they monitored their participants.

Risk of bias

We assessed the risk of bias for all the included studies
based on published reports and information provided
by the authors (Table 2). The allocation system was de-
scribed in five trials™*** and allocation concealment
was clearly defined in eight trials"**"*% The majority
of trials were blinded to patients; however, blinding of
observers was described only in six studies!"**%,
Methods for handling missing data, description of
drop-outs and possible causes of attrition and power
calculations were not adequately described in any of the
included studies. One study was available only in abstract
form and therefore the risk of bias appraisal was not
satisfactory.

Primary outcomes
Effectiveness: First, the effectiveness of therapy was
assessed by comparing rifaximin to non-adsorbable disac-
charides (lactulose or lactitiol) and then to other oral anti-
biotics (neomycin or paromomycin). After that, the over-
all effectiveness of rifaximin us other conventional oral
therapies was assessed by combining the two subgroups.
Using the random-effect model, the pooled analysis
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of 7 studies!" "7 that investigated the efficacy

of rifaximin (# = 184) »s non-absorbable disaccharides
(m = 165) revealed that both groups experienced either
full resolution of HE or clinical improvement that was
considered significant by the primary investigators with-
out reaching statistical significance (OR = 1.92, 95% CI:
0.79-4.68, P = 0.15).

Similar findings were observed when the data of
all 5 RCTs comparing the efficacy of rifaximin ss other
antibiotics' " were pooled. This confirmed that
rifaximin (7 = 68) had similar effectiveness to neomycin
or paromomycin (# = 60, neomycin or paromomycin)
(OR = 2.77,95% CI: 0.35-21.83, P = 0.21).

The results of the combined analysis with both groups
of patients receiving antibiotics or disaccharides showed
a trend that favored the use of rifaximin without statisti-
cal significance (OR = 1.96, 95% CI: 0.94-4.08, P = 0.07)

(Figure 2).

Adverse events: The following were side effects used in
our analysis: severe diarrhea beyond the expected cathartic
effect of disaccharides, abdominal pain, and the combina-
tion of nausea, anorexia and weight loss. First, each of
the adverse events experienced by patients was compared
separately. Second, all the adverse events were pooled and
compared between the group of patients who received
rifaximin (7 = 980) and the control group (7 = 988).

Participants who received rifaximin had less risk of
suffering from diarrhea (OR = 0.20, 95% CI: 0.04-0.92,
P = 0.04) although the rate of abdominal pain nausea/
anorexia/weight loss was similar between the two groups
(P = 0.40, P = 0.006, respectively). Yet, combined analysis
of all the adverse events favored the use of rifaximin
as it was associated with fewer side effects (OR = 0.27,
95% CI: 0.12-0.59, P = 0.001) (Figure 3).

Secondary outcomes

Serum ammonia level: At the end of 7 RC
a significant reduction in serum ammonia level was
observed in both treatment arms; rifaximin »s non-
adsorbable disaccharides and rifaximin s neomycin or

[17,21,25,34-36,38]
Ts ,
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Rifaximin Control Odds ratio Odds ratio
Study or subgroup Events Total Events Total Weight (%) M-H, random, 95% CI M-H, random, 95% CI
6.1.1 Rifaximin vs disaccharides
Fera et a/*” 20 20 16 20 54  11.18[0.56, 222.98]
Festi et a/"” 9 9 12 12 Not estimable
Loguercio et a/*” 8 14 2 13 12.0 7.33 [1.16, 46.23] —_——
Mas et al*® 40 50 41 53 27.2 1.17[0.45, 3.01] - om
Massa et a'® 20 20 18 20 5.0 5.54 [0.25, 123.08] =
Paik et a/*" 27 32 21 22 8.9 0.26 [0.03, 2.37] L
Song et a/*” 32 39 18 25 21.4 1.78 [0.54, 5.88] — =
Subtotal (95% CI) 184 165 80.0 1.92 [0.79, 4.68] ‘
Total events 156 128
Heterogeneity: Tau? = 0.42; 2 = 7.89, df = 5 (P = 0.16); /2= 37%
Test for overall effect: Z = 1.44 (P = 0.15)
6.1.2 Rifaximin vs other antibiotics
Di Piazza et a/*” 4 8 0 6 4.9 13.00 [0.55, 306.21]
Festi et al'”) 20 20 15 15 Not estimable
Miglio et a/*® 25 25 24 24 Not estimable
Parini et a/**! 11 15 10 15 15.2 1.38[0.29, 6.60] — -
Pedretti et a/*' 0 0 0 0 Not estimable
Subtotal (95% CI) 68 60  20.0 2.77 [0.35, 21.83] —_—
Total events 60 49
Heterogeneity: Tau2 = 0.97; 2 = 1.60, df = 1 (P = 0.21); /2 = 38%
Test for overall effect: Z = 0.97 (P = 0.33)
Total (95% CI) 252 225 100.0 1.96 [0.94, 4.08] ‘
Total events 216 177 ‘ ‘ ‘ |
e _ . —_ - = . = 0,
Heterogeneity: Tau2 = 0.28; y2 = 9.56, df = 7 (P = 0.22); I? = 27% 0.01 01 1 10 100

Test for overall effect: Z = 1.80 (P = 0.07)

Favours control Favours rifaximin

Figure 2 Efficacy of rifaximin vs oral disaccharides, rifaximin vs other oral antibiotics and rifaximin vs control therapy which included the combination of

oral disaccharides and other antibiotics. M-H: Mantel Haenszel.

paromomycin. Participants who received rifaximin (z =
138) had lower serum ammonia levels in comparison to
patients who received non-adsorbable disaccharides (# =
128) although the difference did not reach statistical sig-
nificance (P = 0.30). Similar results were observed when
comparing rifaximin (z = 60) »s other oral antibiotics (7
= 00) (P = 0.33) although the differences were not sta-
tistically significant. When compared to all the controls (#
= 170), patients treated with rifaximin (» = 181) had an
overall lower mean serum ammonia level but this, too,
was not statistically significant (WMD = -10.65, 95% CI:
-23.46-2.17, P = 0.10) (Figure 4).

Psychometric parameters: Improvement in mental status
and degree of asterixis after rifaximin therapy were com-
pared to controls in seven trials with no statistically signifi-
cant results (P = 0.15 and P = 0.25, respectively) (Table 3).

The changes in EEG patterns and PSE sum were
studied in 3 trials (rifaximin 25 control)'™**. For both
parameters, the meta-analysis showed a statistically signifi-
cant improvement favoring the use of rifaximin (WMD =
0.21, 95% CI: -0.33-0.09, P = 0.0004, and WMD = -2.33,
95% CI: -2.68-1.98, P = 0.00001, respectively) (Table 3).
The overall improvement in psychometric parameters
measured between the two drug groups was statistically
significant favoring the use of rifaximin (P = 0.005) as
summarized in Table 3.

Sensitivity analysis
A sensitivity analysis for both primary and secondary
outcomes was conducted to explore heterogeneity on the
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basis of the quality of study design. By excluding studies
considered at higher risk of bias according to the Co-
chrane Collaboration risk assessment tool, we identified
consistency of findings and no statistically significant
changes were noted for all the comparisons performed.

DISCUSSION

Hepatic encephalopathy represents a challenging clinical
complication of liver insufficiency and presents with a
wide spectrum of neuropsychiatric symptoms that range
from mild disturbances in cognitive function to coma
to even death*). The pathogenesis of this complex
syndrome is thought to be multifactorial, but a key role
is played by circulating gut-derived toxins such as am-
monia™*. With appropriate medical treatment most of
the clinical manifestations of HE are reversible when
precipitating factors are corrected”. The most common
known conditions responsible for HE include: gastro-
intestinal bleeding, infections or systemic inflammation,
renal and electrolyte abnormalities, dehydration, use of
narcotics and other psychoactive medications, constipa-
tion and an excess protein intake”.

Traditionally, non-absorbable disaccharides have been
used as the first-line therapy for patients with HE"” even
if their effectiveness in comparison to placebo has not
been proven”. Although safe, the need to adjust disac-
charide doses to achieve two to three loose bowel move-
ments per day often leads to frequent nausea, vomiting,
and flatulence and affects compliance. Poorly absorbed
oral antibiotics such as neomycin, vancomycin ot paro-
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Control
Events Total

Rifaximin

Study or subgroup Events Total
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4.1.1 Diarrhea

Bass et a/"” 15 140 21 159 9.0
Bucci et a/™ 0 30 15 28 4.2
Loguercio et a/* 0 14 0 13

Mas et a/*® 2 50 1 53 5.0
Massa et a/"® 0 20 13 20 4.1
Miglio et a/* 0 25 2 24 3.9
Paik et a/*" 0 32 1 22 37
Song et a/* 0 39 1 25 37
Subtotal (95% CI) 350 344 336
Total events 17 54

Heterogeneity: Tau? = 2.55; 2 = 17.61, df = 6 (P = 0.007); /2 = 66%
Test for overall effect: Z = 2.07 (P = 0.04)

4.1.2 Abdominal pain

Bass et /" 12 140 13 159 8.8
Bucci et al™® 2 30 1 28 5.0
Fera et a/*” 0 20 10 20 4.1
Loguercio et a/** 0 14 0 13

Mas et a/*® 1 50 0 53 37
Massa et a/"® 0 20 3 20 4.0
Paik et a/*" 0 32 1 22 37
Song et a/*” 1 39 0 25 3.7
Subtotal (95% CI) 345 340 33.0
Total events 16 28

Heterogeneity: Tau2 = 0.99; 2 = 10.21, df = 6 (P = 0.12); 7?2 = 41%
Test for overall effect: Z = 0.84 (P = 0.40)

4.1.3 Nausea/anorexia/weight loss

Bass et /" 20 140 21 159 9.1
Bucci et a/™! 2 30 24 28 6.5
Fera et a/*” 0 20 5 20 4.1
Mas et al™® 0 50 1 53 3.7
Massa et a/"® 0 20 12 20 4.1
Miglio et /™ 2 25 2 24 5.9
Subtotal (95% CI) 285 304 334
Total events 24 65

Heterogeneity: Tau2 = 4.73; 2 = 31.41, df = 5 (P < 0.00001); 72 = 84%
Test for overall effect: 2 = 1.92 (P = 0.06)

Total (95% CI) 980 988
Total events 57 147
Heterogeneity: Tau2 = 1.65; 2 = 60.65, df = 19 (P < 0.00001); /2 = 69%
Test for overall effect: Z = 3.26 (P = 0.001)

Test for subgroup differences: Not applicable

100.0

Odds ratio Odds ratio
Weight (%) M-H, random, 95% CI M-H, random, 95% CI
0.79 [0.39, 1.60] —=—
0.01 [0.00, 0.26] -«
Not estimable
2.17[0.19, 24.67] -
0.01 [0.00, 0.26] -
0.18 [0.01, 3.87]
0.22 [0.01, 5.67] -
0.21 [0.01, 5.28] -
0.20 [0.04, 0.92] -l
1.05 [0.46, 2.39] —
1.93 [0.17, 22.53] e B —
0.02 [0.00, 0.46] <=
Not estimable
3.24 [0.13, 81.47] =
0.12 [0.01, 2.53] -
0.22 [0.01, 5.67] -
1.99 [0.08, 50.71]
0.60 [0.18, 1.98] -
1.10 [0.57, 2.12] —m—
0.01 [0.00, 0.07] -—
0.07 [0.00, 1.34] ~—
0.35 [0.01, 8.71] -
0.02 [0.00, 0.31] -
0.96 [0.12, 7.40] —
0.14 [0.02, 1.04] ——
0.27 [0.12, 0.59] -
| | | |
001 0.1 1 10 100

Favours rifaximin Favours control

Figure 3 Adverse events experienced by patients treated with rifaximin vs control therapy. M-H: Mantel Haenszel.

momycin seem to be more effective than disaccharides”
with fewer side effects, although ototoxicityw, neph-
rotoxicitym], neurotoxicity and bacterial resistance have
been described™ . This significant risk of severe toxic-
ity is the reason why most of these agents are seldom
used in modern practice.

On the other hand, rifaximin is an agent that appears
to be effective in the treatment of HE without carry-
ing the risk of severe side effects. It has the advantage
of being well tolerated and has minimal risk of causing
bacterial resistance™. It was initially introduced in Italy
in 1987"" and recently approved in the United States for
the treatment™ and preventionm] of HE. The purported
advantages of rifaximin over other oral agents make it a
very attractive choice for treatment of HE, although at
considerably greater expensemj. A recent mathematical
model has shown that initial disaccharide monotherapy
followed by rifaximin as a second-line therapy would be
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the most cost-effective strategym. So far, the evidence
for use of rifaximin as the first-line therapy for HE has
been supported only by underpowered randomized con-
trolled trials with conflicting results. A previous meta-
analysis of seven randomized controlled trials concluded
that rifaximin was not superior to non-absorbable disac-
charides, except that it was better tolerated”™. One of
the limitations of that study was that rifaximin was not
compared to other established oral therapies and that
psychometric functional outcomes were not included in
the final analysis.

In this study, we incorporated 12 randomized con-
trolled trials published in the last 20 years assessing the
efficacy and adverse events of rifaximin »s other oral
therapies such as disaccharides and antibiotics. In ad-
dition to the effectiveness and safety profile, we also
analyzed the effects of these treatments on serum am-
monia levels and several other psychometric outcomes.

February 28, 2012 | Volume 18 | Issue 8 |



Eltawil KM et a/. Rifaximin and hepatic encephalopathy

Table 3 Summary of the meta-analysis on psychometric outcomes measured at the end of each randomized controlled trial

Variable Rifaximin Control Mean difference
Mean sD Total Mean SD Total IV, random, 95% CI

Mental status
Bucci et al™ 0.8 0.5 30 12 0.3 28 -0.40 [-0.61, -0.19]
Loguercio et al™! 0.42 0.67 14 0.9 0.74 13 -0.48 [-1.01, 0.05]
Massa et al™ 0.6 0.2 20 12 0.3 20 -0.60 [-0.76, -0.44]
Paik et al™ 0.5 0.7 32 0.3 0.4 22 0.20 [-0.09, 0.49]
Parini et al® 0.22 0.39 15 0.16 0.34 15 0.06 [-0.20, 0.32]
Subtotal (95% CI) 111 98 -0.24 [-0.57, 0.08]

Heterogeneity: Tau? = 0.11; 2 = 32.85, df = 4 (P < 0.00001); I* = 88%
Test for overall effect: Z =1.45 (P = 0.15)

Asterixis
Bucci et al™ 0.5 0.3 30 0.9 0.5 28 -0.40 [-0.61, -0.19]
Mas et al® 0 0.5 50 0 0.5 53 0.00 [-0.19, 0.19]
Massa et al™ 0.1 0.2 20 0.1 0.2 20 0.00 [-0.12, 0.12]
Paik et al™ 0.3 0.7 32 0.4 0.6 22 -0.10 [-0.45, 0.25]
Parini et al® 0.28 0.5 15 0.16 0.04 15 0.12 [-0.13, 0.37]
Pedretti et al™ 1.6 0.7 15 2 0.8 15 -0.40 [-0.94, 0.14]
Subtotal (95% CI) 162 153 -0.10 [-0.26, 0.07]

Heterogeneity: Tau? = 0.02; 2 = 14.47, df =5 (P = 0.01); I> = 65%
Test for overall effect: Z =1.15 (P = 0.25)

EEG
Bucci et al™ 0.4 0.2 30 0.6 0.3 28 -0.20 [-0.33, -0.07]
Mas et al™ 0.6 0.9 50 0.9 0.9 53 -0.30 [-0.65, 0.05]
Pedretti ef al™ 0.4 0.5 15 0.6 0.6 15 -0.20 [-0.60, 0.20]
Subtotal (95% CI) 95 9 -0.21 [-0.33, -0.09]

Heterogeneity: Tau? = 0.00; 2= 0.28, df =2 (P = 0.87); 2= 0%
Test for overall effect: Z = 3.52 (P = 0.0004)

PSE sum
Mas et al™ 4 0.1 50 6 2 53 -2.00 [-2.54, -1.46]
Massa et al™ 3 0.5 20 55 0.5 20 -2.50 [-2.81, -2.19]
Pedretti et al™ 7.1 24 15 9.3 2.7 15 -2.20 [-4.03, -0.37]
Subtotal (95% CI) 85 88 233 [-2.68, -1.98]

Heterogeneity: Tau? = 0.02; 2 = 2.52, df =2 (P = 0.28); I> = 21%
Test for overall effect: Z = 13.11 (P < 0.00001)

IV: Inverse variance; EEG: Electroencephalogram; PSE: Portosystemic encephalopathy.

Rifaximin Control Mean difference Mean difference
Study or subgroup Mean SD Total Mean SD Total Weight (%) 1V, random, 95% CI 1V, random, 95% CI
7.1.1 Rifaximin vs disaccharides
Bucci et a™ 74 4 30 78 7 28 16.8 -4.00 [-6.96, -1.04] =
Festi et a/'"” 46 6 9 48 6 12 16.5 -2.00 [-7.19, 3.19]
Mas et a/*® 69.5 13 50 109 12 53 16.5 -39.50 [-44.34, -34.66] -
Paik et a/*" 138 60.5 32 128.3 49.1 22 9.0 9.70 [-19.63, 39.03]
Subtotal (95% CI) 121 115 58.7 -10.77 [-31.03, 9.49]

Heterogeneity: Tau2 = 383.81; 2 = 168.10, df = 3 (P < 0.00001); /2 = 98%
Test for overall effect: Z = 1.04 (P = 0.30)

7.1.2 Rifaximin vs other antibiotics

Miglio et a/*® 889 9.6 30 86.2 42.9 30 13.5 2.70 [-13.03, 18.43]

Parini et a/*" 63.2 4.8 15 63.1 4.4 15 16.7 0.10 [-3.20, 3.40]

Pedretti et a/* 78.6 20.3 15 118.2 40.1 15 11.0 -39.60 [-62.35, -16.85] e
Subtotal (95% CI) 60 60 41.3 -9.40 [-28.26, 9.45]

Heterogeneity: Tau2 = 220.44; 2 = 11.64, df = 2 (P = 0.003); /2 = 83%
Test for overall effect: Z = 0.98 (P = 0.33)

Total (95% CI) 181 175 100.0 -10.65 [-23.46, 2.17]
Heterogeneity: Tau2 = 252.55; 2 = 208.61, df = 6 (P < 0.00001); /2 = 97% \ ! | |
Test for overall effect: Z = 1.63 (P = 0.10) -100 -50 0 50 100

Favours rifaximin Favours control

Figure 4 Serum ammonia levels at the end of the treatment protocols: rifaximin vs oral disaccharides, rifaximin vs other oral antibiotics and rifaximin vs
control therapy which included the combination of oral disaccharides and other antibiotics. IV: Inverse variance.
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Statistical assessment of patients’ compliance was not
possible as none of the included trials measured attrition
or reported any drop-outs as all the included participants
appeared to be able to complete the treatment protocols.

The results of this study confirm that rifaximin has
similar effectiveness to other oral therapies but with few-
er side effects. As such, it is the first new effective treat-
ment for HE in a long time and its impact on patients’
quality of life and survival has yet to be fully realized.

With regard to other secondary outcomes measured
at completion of treatment protocols, patients receiving
rifaximin had lower serum ammonia levels and superior
mental status and asterixis profiles in comparison to the
control group without reaching statistical significance.
On the other hand, the grade of electroencephalograph-
ic abnormalities and PSE sums showed better profiles
for participants treated with rifaximin when compared
to their controls. These findings are of some importance
as HE is a syndrome with a wide spectrum of neuro-
psychiatric abnormalities and it is important to be able
to quantify subtle clinical changes during the course of
therapy.

All trials in the present review excluded patients with
uncorrected precipitating factors causing HE. Neverthe-
less, we could not obtain individual patient data to deter-
mine if response to the treatments varied according to
the grade or etiology of liver disease.

One of the major limitations of this study was that
the trials that satisfied the inclusion criteria had been per-
formed during a relatively long period of time (1991-2005),
the lengths of the treatment protocols varied signifi-
cantly (5 d to 6 mo) and there was a lack of data on the
severity of liver disease or other co-morbidities for each
population. These important aspects were most likely
responsible for the heterogeneity observed among the
pooled studies. Minor imputations were required for
some studies specially when considering standard devia-
tions. In addition, pooling may not have been appropri-
ate in all cases because of the heterogeneity between
trials, but we attributed heterogeneity to statistical rather
than clinical reasons.

On the other hand, this study also has several stren-
gths. An extensive literature search was performed and
provided the most up-to-date information on the effects
of rifaximin in the treatment of HE. Using two review-
ers, the inclusion or exclusion of studies and data extrac-
tion were performed independently and therefore more
accurately. In addition, we did not exclude potential stud-
ies due to language, publication status or year of publi-
cation, and the fact that included trials were performed
in several countries and in different settings increases
the external validity of our results. Another strength of
this study is that we assessed not only the efficacy and
side effects of the treatments, but we also included other
important clinical outcomes that could be measured
objectively such as serum ammonia levels, asterixis and
electroencephalographic features. Because we used a
rigorous search strategy to reduce the introduction of
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potential publication bias, a funnel plot was not included
as the number of trials was moderate and it would not
have added any significant information.

In summary, this study has shown that rifaximin is
comparable to other oral agents in regard to clinical ef-
ficacy for HE and is associated with fewer side effects.
These results did not change during sensitivity analysis
based on the quality of the trials, and the effect of ri-
faximin was more favorable in improving psychometric
parameters and serum ammonia level measured at the
end of the protocols. Given its safety profile, rifaximin
should be considered as second-line in the treatment of
HE patients who fail disaccharide therapy and as first-
line in those intolerant of disaccharides.

COMMENTS

Background

Hepatic encephalopathy (HE) represents a debilitating and even potentially
deadly complication occurring in patients with advanced liver disease. The clini-
cal manifestations of encephalopathy range from altered mental status to deep
coma. Rifaximin is an oral broad spectrum, non-absorbable antibiotic with very
few systemic side effects and is used to treat or prevent hepatic encephalopa-
thy in cirrhotic patients.

Research frontiers

The authors performed a systematic review of the literature and meta-analysis
of the effectiveness and safety of rifaximin compared to other conventional oral
agents such as non-absorbable disaccharides (lactulose) and other antibiotics
(e.g., neomycin, metronidazole). Conventional therapies are known to cause
local side effects such as diarrhea and abdominal pain in the case of Lactulose
and systemic side effects such as nephrotoxicity and neurotoxicity with neomy-
cin and metronidazole, respectively.

Innovations and breakthroughs

Several studies have shown contradictory results on the effectiveness of rifaxi-
min in comparison to other oral agents.

Applications

The analysis has shown rifaximin to be as effective as non-absorbable disac-
charides concerning improvement in the clinical symptoms of patients with
hepatic encephalopathy with a lower incidence of side effects such as diarrhea,
abdominal pain and nausea.

Terminology

HE: HE is a worsening of brain function that occurs when the liver is no longer
able to remove toxic substances in the blood; Systematic review: A literature
review focused on a research question that tries to identify, appraise, select and
synthesize all high quality research evidence relevant to that question; Meta-
analysis: A combination of the results of several studies that address a set of
related research hypotheses.

Peer review

Rifaximin is a novel antimicrobial agent with a wide spectrum of activity that
has shown promise as an alternative antimicrobial treatment option for HE.
Rifaximin appears to be at least as effective as other conventional drug therapy
and has been associated with fewer adverse events due to its limited systemic
absorption.
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